Objectives: Pregnancy is a critical period during which environmental factors such as nutrition can affect development. Maintaining proper nutrition becomes even more significant when pregnant women have diabetes. The aim of this study was to measure changes in energy and macronutrient intakes among pregnant women and patients diagnosed either with gestational diabetes mellitus (GDM) during pregnancy, or, type 1 diabetes mellitus (T1DM) before pregnancy, and to assess the pregnant women's dietary intakes in comparison with Polish Institute of Food and Nutrition nutritional guidelines.
INTRODUCTION
According to the Developmental Origins of Health and Disease (DOHaD) hypothesis, increased susceptibility to disease is partly shaped during fetal programming by links between nutrition, and epigenetic and epigenomic mechanisms. Fetal programming occurs during the critical embryonic and fetal development period in which tissues and organs are created. Insufficient nutrition during this time results in permanent alteration to certain structural and physiological metabolic functions of the fetus [1, 2] .
In addition, fetal growth, increases in various maternal tissue and blood volumes, extracellular liquids, amniotic fluid, maternal fat stores, and placental weight are associated with the increase of the mother's dietary requirements. To create a positive energy balance, as recommended by the Polish Institute of Food and Nutrition (2012, 2017), daily pre-pregnancy energy intakes should be increased by 360 and 475 kcal in the second and third trimesters, respectively. Hence, according Polish standards, pregnant women should increase their protein and fat intake in the second and third trimesters, however there is no specific recommendation for carbohydrates levels during pregnancy [3] .
Meeting the basic nutritional requirements of pregnant women diagnosed with gestational diabetes mellitus (GDM) or type 1 diabetes mellitus (T1DM) is very important for appropriate weight gain and maintenance of normoglycemia without ketonuria. Both, GDM and T1DM exert an influence on carbohydrate intolerance resulting in hyperglycaemia and may cause significant health problems for mothers and babies [4] [5] [6] . Depending on the population studied and the diagnostic test, studies show that GDM prevalence ranges from between 1% and 16.4% while T1DM accounts for 5-to-10% of the total cases of diabetes worldwide [6] [7] [8] [9] . Although nutritional guidelines for dietary fats and proteins are established for pregnant women and diabetics, there are no specific intake guidelines for dietary fats and proteins for women diagnosed with GDM or pregnant women with type 1 diabetes mellitus (T1DM). However, Polish guidelines for the management of diabetic patients have highlighted that among diabetic pregnant patients 40 to 50% of the daily calorie intake (minimum 175 g carbohydrates/day) should come from carbohydrates, and preferably from the low glycemic index carbohydrates [10] .
In addition to the roles of the total carbohydrate, protein and fat intakes among pregnant women, studies have also focused on the role of the long chain polyunsaturated fatty acid (LCPUFA). LCPUFA intake in early life is known to influence physiological and metabolic pathways relevant to metabolic "programming" [11] . Reports have shown that the metabolism of LCPUFA is altered in the fetuses of GDM women, suggesting that these changes may also contribute to accelerated fetal growth. Furthermore, abnormal placental transport function in GDM is known to further disturb the materno-fetal transport of LCPUFA which may further result in potential adverse consequences for neurodevelopment and adiposity risks for the offspring [12] . In view of the fact that non communicable diseases in adulthood are influenced by nutritional programming, it is essential for women to maintain optimal levels of LCPUFA during pregnancy, and the balanced ratio of Omega-6 to Omega-3 fatty acids in the diet is known to have especially important metabolic implications [13] .
Dietary intakes should be examined throughout pregnancy to detect potential imbalances in the macronutrients associated with adverse pregnancy outcomes. However, to date, few studies have assessed diabetic pregnant women's dietary intakes. To our knowledge, no study has assessed the adequacy of diabetic-specific diets in relation to current nutritional guidelines. Therefore, the purpose of this study was to measure changes in energy and macronutrient intakes between GDM, T1DM and normal pregnancies and to assess pregnant women's dietary intakes in comparison with the current Polish nutritional guidelines.
MATERIAL AND METHODS

Study population
Our sample was comprised of 113 pregnant women each with greater than 20 weeks gestational age who were recruited by personnel of the 1st Department of Obstetrics and Gynaecology and the Department of Social Medicine and Public Health at the Medical University of Warsaw, between September 2016 and March 2018. The subjects' clinical histories were recorded, and each underwent a physical examination. Patients with pre-pregnancy Type 1 diabetes, GDM and normal pregnancy at the time of recruitment were included. However, we excluded those with acute and chronic organ diseases, and those who were younger than 18 years old. Our final sample included 83 pregnant women divided into three groups: the first group (P1) consisted of 29 GDM patients, the second (P2) of 26 T1DM patients, and the third (P3), the control group, consisted of 28 physiological pregnancies. The study recorded nutritional data during the second part of each pregnancy. The study protocol was approved by the Ethical Committee at the Medical University of Warsaw and all subjects gave their written consent to participate in the study.
Dietary Data and Estimated Energy Requirement
Each woman's total energy intake was assessed based on self-reported seven-day 24-hour dietary records of food consumption and the records were checked by trained investigators during face-to-face interviews. The dietary intake data from women's seven-day 24-h dietary records was converted into energy and nutrient intake data using the dietetic software 'Dieta 5' reflecting the Polish Food Composition [14] . The 'Dieta 5' database does not provide information regarding dietary and prenatal supplements. The Estimated Energy Requirements (EERs) and macronutrient requirements were based on and consistent with both the Polish Institute of Food and Nutrition guidelines and the Polish guidelines for the management of diabetic patients [3, 10] .
Statistical analyses
The data were collected in a prospective database and analyzed. Within each group of patients, the means and standard deviations for energy and macronutrients, and the percentages for energy from carbohydrates (% carbohydrates), fat (% fat) and proteins (% proteins) were calculated from the seven-day 24-h dietary records. We calculated the proportions of women with dietary values either below or above both the EERs and the acceptable macronutrient distribution ranges (AMDR). Statistical analyses were performed using SPSS Statistics 20 (IBM, Armonk, NY, USA), Epi Info Version 7.2 (CDC, USA) and Microsoft Excel (Redmond, WA, USA). Finally, an ANOVA test was carried out to assess variations in energy and macronutrient intakes between the three groups of patients.
RESULTS
Participant characteristics are presented in Table 1 . Of the 113 pregnant women recruited, thirty were lost during follow-up, mainly due to their lack of time to devote to the project. Therefore, our results include data from 83 pregnant women with a mean age of 32.1 ± 4.3 years and an average gestational age of 29.2 ± 4.0 weeks. All of the participants were Caucasian. Table 2 shows group-specific energy and macronutrient intakes as percentages of the total energy intake derived from the dietary records data in comparison with EERs and AMDRs. No statistically significant difference was observed between the three groups, for energy, protein, carbohydrate, or lipid intakes. However, a significant increase in SFAs and a decrease in PUFAs as percentages of energy intakes were observed between the groups (Tab. 2). The mean, SD, minimum, 25% (1 st quartile), median, 75% (3 rd quartile) and maximum macronutrients intakes, derived from the 7-d 24-h dietary records, are shown in Table 3 . Mean energy intakes were consistent with EERs in all three groups (P1: 1806,5 ± 529.8; P2: 1694,4 ± 426.7; and P3: 1883,1 ± 335 kcal; p = 0.29). In all groups, protein intakes as a percentage of energy were within the acceptable distribution range (10-30%). Across all groups, most women reported fat intakes as a percentage of energy intakes above the acceptable distribution range. Moreover, intakes of saturated fatty acids as a percentages of total energy intakes were above the acceptable distribution range for more than 80% of participants in each group while percentages of polyunsaturated fatty acids as a proportion of energy were below AMDRs for more than 50% of all patients. Omega6/Omega 3 ratios were 5.2:1 in the GDM group, 4.3:1 in the T1DM group and 4.4:1 in the control group (Tab. 3). Mean fluid intakes were consistent with AMDRs in all pregnant women. However, fluid intake was below the acceptable distribution range for more than 55% of patients in the GDM and T1DM groups. Mean dietary fiber intakes were consistent with the acceptable distribution range (20-40 g), although more than 38% of participants consumed less than the recommended intake (Tab. 4).
Energy, macronutrients, fiber and fluid intake
DISCUSSION
An adequate intake of nutrients by pregnant women diagnosed with gestational diabetes mellitus (GDM) or type 1 diabetes (T1DM) is essential to maintain the proper storage of nutrients and development of the fetus within the maternal body. The present study aimed to investigate the energy and macronutrient intake levels of healthy pregnant women, compared with those with GDM or T1DM. Our investigation was important because ensuring proper nutrition during pregnancy without increasing blood glucose levels or causing excessive weight gain is very important for preventing maternal and fetal complications in the population of diabetic patients.
Although it is recommended that pregnant women elevate their caloric intake as their pregnancies progress, and especially during the second and third trimesters, no specific advice has been established regarding the recommended levels of caloric increase for GDM or T1DM pregnant women. We found no differences in the energy intakes between the three groups in our study. Based on the EERs, the caloric intake levels of the GDM group, T1DM group, and control group were 1806, 1694 and 1883 kcal/day, respectively; or, as a percentage of the recommended intake levels for healthy pregnant with similar BMI, 68.6%, 53.8% and 39.4% respectively. In contrast, using a food frequency questionnaire, Lim et al. found that the mean daily caloric intake level of their Korean GDM subjects (n = 111) was approximately 1596 kcal, or 12% lower than the mean intake level of the GDM subjects in our study [15] . However, it is difficult to * p-value for measures ANOVA performed to assess variations in the characteristic between groups; group P1 -GDM patients; group P2 -T1DM patients; group P3 -normal pregnancy patients; ** body weight at inclusion in the study; data concerning reliable pre-pregnancy body mass was not available compare these results, because the Lim study measured caloric intake using a food frequency questionnaire, which is different data collection method than used for our study. In our study we found that almost 24% of the GDM group, 38% of T1DM group and 53% of the control group patients consumed less energy than their EERs. A recent meta-analysis of 18 studies by Jebeile et al. showed little to no change in energy intake across all trimesters during normal pregnancies [16] . Likewise, Savard et al. and Abeysekera et al. found no significant changes in the longitudinal caloric intakes of pregnant women [17, 18] . Considering these observations, we might question the current caloric guidelines for pregnant women and suggest that the guidelines are set at too high a level, but this hypothesis should be further explored through studies that focus on energy metabolism during pregnancy, and especially in pregnant women diagnosed with GDM or type T1DM.
It is important to achieve the proper management of the carbohydrate intake of pregnant women with GDM and T2DM for postprandial glucose control [7] . A moderately low carbohydrate diet comprising 40-50% of the woman's total caloric intake has been suggested, however, the recommended minimum daily intake of carbohydrate is 175 g [3, 10] . The present study found that the women's consumption of carbohydrates was 48.3%, 46.4% and 50.5% of the total energy intake in the GDM, T1DM and control groups, respectively. In contrast, Liam et al. reported that carbohydrate consumption was 56.6% of the total energy intake for the GDM patients in their study, which is above the recommended intake level. However, it should be highlighted, that in the present study approximately 25% of GDM and T1DM patients consumed less than 175 mg of carbohydrates in total. Presumably, the reason why carbohydrate intake was reported to be less than the recommended values was due to the reduced quantity of carbohydrates consumed as a result of doctors' advice or because of the women's concerns about weight control and blood glucose levels after being diagnosed with diabetes or pre-gestational diabetes.
A growing number of experimental animal studies show that exposure to a maternal diet with high levels of added sugar may increase the risk of adult obesity and insulin resistance in offspring. Independent of the total amount consumed, the type of added sugar (sucrose, syrups, etc.) consumed might have a significant impact on the metabolic outcome. A high intake of simple sugars might increase de novo lipogenesis, influence triglyceride production, and decrease fatty acid oxidation [19, 20] . In our study there was a significant difference in sucrose consumption between the two diabetic groups and the control group, namely, the sucrose intakes were 5.2%, 6.4% and 98% of the total energy intake for the GDM, T1DM and control groups, respectively. In parallel with the energy insufficiency observed in pregnant patients, we found that in all groups, more than 60% of our study sample reported fat intakes exceeding the acceptable range when considered as a percentage of total energy intake. These results are similar to those of Dubois et al. in which a third of the 1533 pregnant Canadian women studied had total fat intakes above the recommended range [21] . Moreover, Savard et al. found that more than half of their study sample reported higher fat intakes than the acceptable range [17] . We recommend that pregnant women with GDM or T1DM should be advised to reduce their carbohydrate intake and increase their protein and fat intake, and that women with pre-gestational diabetes should be provided with dietary education that emphasizes glucose control during the early stage of pregnancy.
WHO recommends that SFA intake should represent less than 10% of the energy intake in the general adult population, with no other specifications made for women with, or at risk of, GDM [22] . Although SFA consumption, especially long-chain SFA, was associated with higher risk of cardiovascular disease and T2D, its role on cardiometabolic health remains controversial [23, 24] . Alarmingly, in our own study, more than 80% of the participants consumed SFA at levels comprising more than 10% of their total energy intake. Furthermore, the balanced ratio of Omega-6 to Omega-3 fatty acids in the diet was 5.2:1, 4.3:1 and 4.4:1 in the GDM, T1DM and control groups, respectively. Wadhawni et al. highlighted that, for the prevention and management of chronic diseases, it becomes important to reduce the intake of Omega-6 fatty acids and increase the intake of Omega-3 fatty acids. Furthermore, an optimal Omega-6m to Omega-3 ratio is also recommended during various phases of life, and that includes pregnancy. However, the dietary shifts over the years towards a Western diet has caused a drastic change in the ratio of Omega-6 to Omega-3 fatty ac- [25] . This transition in the Omega-6 to Omega-3 fatty acid ratio may influence placental development and promote the pathogenesis of several chronic diseases [13, 26] . Many international scientific societies, including the Polish Gynaecological Society, recommend the use of 600 mg of DHA daily for the prevention of premature labor [27] . In our study more than 75% of all patients consumed less DHA than the amount recommended. Assessments of dietary intakes in various populations suggest that pregnant women have difficulty meeting all their DHA requirements through diet alone [13] . Harton et al. showed in their study involving 30 Polish women during the third trimester of pregnancy, that less DHA was used than recommended [28] . The role of low and high protein maternal diets in the health outcomes of offspring has been extensively examined in animals especially [29, 30] . Both low and high protein diets during pregnancy influence body weight, blood pressure, and metabolic and intake regulatory systems in the offspring [29] . Studies show that high protein maternal diets may have an influence on the development of glucose intolerance and diabetes in offspring [30] . Collaterally with the fat excess observed in all the groups of pregnant women we studied, we found that, in each group, all the participants consumed an adequate intake of protein. However, protein from animal sources outbalance plant protein. It should be noted that a higher consumption of animal protein may increase fat intake, especially intake of SFA [3] .
Water is one of the six basic nutrients essential to health, especially for pregnant women. Hydration during pregnancy seems to play a crucial role in organism homeostasis. Amniotic fluid is crucial to maintaining fetal wellbeing. Therefore, an amniotic fluid deficiency can cause conditions such as oligohydramnios, which influences the prognosis of a pregnancy. In women with normal amniotic fluid, ma- ternal oral hydration increases the amniotic fluid index by approximately 16%, whereas fluid restriction decreases the amniotic fluid index by approximately 8% [31] . In our study mean fluid intakes were consistent with AMDRs in all the pregnant women. However, fluid intake was below the acceptable distribution range for more than 55% of patients in the GDM and T1DM groups and for 25% of the patients in the control group. Similarly, in a study of 300 pregnant women in Indonesia, 42% of the subjects did not reach an adequate intake of water [32] . There is evidence of potentially positive health benefits resulting from an increased water intake during normal pregnancies and pregnancies complicated with diabetes. It seems that midwives, gynecologists and other doctors should promote an increased water intake, especially among pregnant women with diabetes. Our study has certain limitations. The most substantial limitation of this study was the small size, and the lack of representativeness of our study sample, however all the pregnant women enrolled were Caucasians and at the similar age. Another limitation was the observational design that did not permit the establishment of causality. However, to the best of our knowledge, no other research has focused on the dietary intakes of pregnant Polish women and patients diagnosed with GDM during pregnancy or pre-gestational T1DM. One of the evident strongpoints of our study is the fact that it is the first study to prospectively assess whether the diets of pregnant women and pregnant women with diabetes meet current Polish nutritional guidelines. Furthermore, this study helps to remedy the lack of available information in Poland regarding macronutrients and fluid intakes by pregnant women. In this regard, the results we obtained are original as well as clinically and epidemiologically important.
CONCLUSIONS
In summary, the results of the present study indicate that, contrary to current guidelines, there was a stability in dietary intakes among pregnant women and patients diagnosed with GDM during pregnancy or pre-gestational T1DM. However, most women exceeded their fat requirements. Interestingly, the level of DHA intakes from food alone remains low in the diets of our pregnant women. The implications and possible causes of excessive total fat and insufficient DHA intakes in pregnancy and in pregnancies complicated with diabetes are not well documented and should be further investigated in association with gestational weight gain and other metabolic outcomes. Based on our results, it is strongly recommended that this population be provided with appropriate nutritional education before and during pregnancy to prevent maternal and fetal perinatal complications and post-gestational diabetes, obesity, and cardiovascular diseases.
